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1 Introduction

"I`l~clia,vig:Ltiol~  ofs]Jac.ccr:ifto rl>itillgs lllallo  bjectss llcllasa st{'loiclsol  colllets]Jr cscIltss])ecial problcqns

not seen in ])lanetary orbiting Illissions. In particular, the dynamic envirol]mcnt  the spacecraft is

operating in may be changing quickly duc to pcrtllrl~ations  flonl th(> gravjty field and solar radiation

I)ressure. Mancwvers are then needed fairly often to maintain the mbit. Navigating the spacecraft

using c.onvcmtional  ground-based methods m a y  be \’ery coslly in terms of staffl]lg r equ i r emen t s  to

keep  persollnel around the clock to perform orbit determination and maneuver analysis fullc.tions.  It,

may also l)rovc  to be impractical to navigate from t}lc ground  due to frequclit maneuvers and long

round -tri])  light times. IJor these reasons, the fcasil~ility  of ljcrformillg  solllc  or all of the navigation

functions onboard the spacecraft is being looked into. This study addresses  the problem of onboard

orbit dcterlnination ofa spacecraft arouncl  a small object. It is assunled that an important first step

to any autoliomous  scheme for orbitint?  small objects  - ~~lildillg  anlodel  of the object itself - has been
done and is availaMc. An algori thm has been developed whi~l~  USGS this  precomputed  shape model of
the object and images taken  with a wide field-of-view  (lFOV) canl~ra  to alItoIlon~ously  determine the
state ofthc  spacecraft. The method  is demonstrated

2 Equipment

ThC so]c instrument  used  toobtaill datais a c a m e r a

with tllr use of a sinlulationo

with a wide FOV (aroulid 50 to 60 degrees) and

a fairly short focal hgth (50 to 100 mnl). ‘1’lle ~xa~t  specifications of tlk~! calnera will depend on the
particular lnission; for this simulation, an 800~800  pixel  arra~’  canleraw;tll a60 deg.  FOV and 50mn~

l’ocal ]cligth  was chosen. ‘J’hc wide  lrov  isnec.essary  tokcep  thcentil’eol)ject  wrjthin  thecammaframe
evcli  at fairly close  distances. in addition, these s]jecific.ati(lns  cmsurc  that cpccted  errors in camma
l)oillting obtained indepcndclltly  of the imagjng camera will 1)(: at the sub-]  )ixel level  and can hc ignored

for the simulation.

3  Procedmw

A brief outlil~c  of the ~)rocedure  used by the algorith]n will now he describrd. As mentioned earlier, it is

a.ssulnwl  that a prec.olnputed  model  of the ohjcct  is avail  ahl(’ to the alp ithm, with t]]is inforl[~atio],

and a noll]il~a]  orbit, predicted scenes  Scu] by  tlic c.an~cra  at the })le(let(lllli~lc(l  exposure t imes arc

c o m p u t e d .  ‘J’hc actual picture take])  by the camera is then c o m p a r e d with the prcdic.tcxlt  and  t h i s

information is then used to adjust the nominal orbit).
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The compar i son  i s  dollc by first ~letcrlilillillg the~flg~s  of thcprc[licte(l  IJicturc on all four sides  of
the ol)jec.t.  This results in l)lots of the linlb location as :1 function of tile line Ilulnl)cr (for vertical ed,gw)

or pixel  number (for horizol~tal edges). ‘J’lie sameedge dctecti{m is performed ou thcobservcd picture

taken by the camera, ‘1’hc prcdic.tcd liml)s  are then brolml up jllto sQgJllcIlts with  lengths of about 1 0 0

t o  120 IJixels. l)qmnding  on the size  of the o b j e c t  in the fralne, this results ill 1 to 3 limb segments

for a given  s ide . ‘_J’]Ie  pixc]  and line cc~ordinatcs  of tile center point of rac]l of these l imb  sec t ions

(hcrcaftc.r called t h e “anchor” point) Will be needed later. I’IIc se.gmcmts  are tl)en correlated with the

corresponding olmnwxl  limbs to find where  each segment  besl matches the observation. ‘1’he average

shift ill pixel and line neccled  to ~cst fit the pre~lictc~l lil~~l~  sectiol~  to the actual  limb becomes one set
of olxmrvables.  ~’bus,  each prc~lict~~l  lilll~  s~ctiol~  whi~h corr(’lat~s  with all actual limb contr ibutes  a
set of observable, which will then be used in a least squares fit.

Since  the predicted lilnbs arc found using a known shapo model ,  the coordinates of the anchor

points, along with the nominal orbit information , can  be used  to detcrlninc  the nominal  vectors  f rom

the camera to the anchor points. This enables the colnputatioa  ofnummical  partial derivatives of the
])ixd/line shift with respect to the nolnina] state (position in x, y, and z) tc~ form the i n f o r m a t i o n

matrix. ‘1’bus, a standar(l Icast squares fit prolJeI~l  is forl[le[ll  with the resi(lua]s bcil).g the shift vectors
men t ioned  above,  and the estilllatcd state bciIlg  the illstal~talle~us pc)sitioIl  at the time of the p ic tu re .
‘J’befit also produces formal statistics of the estimate which CaII be used  to determine the cffectivcwess

of the algorithm.

4 Simulation and Results

II) order tc) test  t i le  algori thm, simulations of orbits  around a realistic looking, irregularly sllapec]

a s t e ro id  wem  ]Jerfc)rmc.d. ‘1’he asteroid’s dimmsiolls  were roughly 40x20x20 km.  ‘1’wo orbi ts  were

~ried,  one  at a radius of 50 km, and one at 100 km. JIoth orbits were in ])lanes  which were nearly

])e]l)cJl(lic.lllar  to the sunlil)e, so tllc pllasc angles varied from a minimum of 40 deg. to a maximum of

130 (kg.
‘1’he  prc)cedure for the simulation was as follows. FiMt, a nominal orbit was  gellerated,  atLd silnulated

pictures of the asteroid wmc  taken using the geometry from the nonli]lal orbit. Then, the initia]

conditions wcm  perturbed, and a new  orbit reprcscntilig  the “truth” was ge]ierated  with the perturbed

state. simulated pictures taken with geometry from tlie “true” orbit arc IJscd to the get theobservd

lilnlx. g’he algorithm is thc]l called  to compute corrections to the IIolninal  state at each time step

where a ])ic.ture  was taken,  as  desc.ribc(l  al~ove. Fi]lally, tllc e s t i m a t e d  I)osition is coml)ared to tltc

known  “truth” to see if the errors are withi~~  the forll~al ullc~rtaillties  conl]lutcd by the filter.
A p]ot of the computed posi t ion Crrors  at ten picture ]ocations fc)l’ tlIc 100 km orl)it around an

asteroid is show  Jl in l’igurc 1. in addition, the l-siglha standard dcviatio]l of the fit is also plotted. It

can be seen that the algorithm suc.ccssfully  ~letcrl~lit~~(l  th~  p(lsitioll of the s}lacecraft to within l-sigma
for all cases cxccpt the y position in the tenth I)icture, which IIad an cstilnatc slightly less than 2-sigma.

Similiar results were seen in the simulation at the  50 km orl)it.
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